OBJECTIVE: To demonstrate the possibility of evaluating the chronic influence of local air velocity from an air conditioner using noninvasive biomarkers. METHODS: Over a consecutive 5-day period, 16 healthy young male adults were exposed to air flow from a whole ceilingtype air conditioner (low local air velocity) and from a commercial concentrated exhaust air conditioner (high local air velocity). Salivary cortisol was used as an index of the psychological effects and caspase-14, collected from the stratum corneum, was used as a marker of environmental stress on the skin. RESULTS: Local air velocity generated from the whole ceiling-type air conditioner where the subject's head was positioned was one-seventh that of the exhaust air conditioner. After exposure to the exhaust air conditioner for 5 days, salivary cortisol decreased significantly from morning to evening and skin caspase-14 gradually increased during the day. A significant increase in hydration index from the morning to the evening was found with the whole ceiling-type air conditioner. CONCLUSION: The effects of chronic exposure to air movement generated by an air conditioner may be quantified by measurement of salivary cortisol and skin caspase-14.
Introduction
Air conditioners are used to deliver temperature controlled high-quality air into confined spaces in order to maintain a comfortable ambient temperature. Airflow can, however, sometimes cause discomfort via a psychosomatic mechanism that can affect office work performance. 1, 2 In order to improve airflow conditions in confined spaces, a low-cost whole ceiling-type air conditioner has been proposed previously by the authors of the present study. 3, 4 The airflow from this novel air conditioner is dispersed from the whole ceiling by using a three-M Yamaguchi, H Nishimiya Effect of air velocity on salivary cortisol and skin caspase-14 dimensional knit fabric at the outlet. Air velocity from the whole ceiling-type air conditioner is low (< 0.2 m/s) and similar to that used in laboratory and factory 'clean rooms'. Previous reports of acute stress after exposure to a whole ceiling-type air conditioner have been determined by measuring the increase in salivary α-amylase, which serves as an index of sympathetic nervous activity. 3 Furthermore, by measuring salivary cortisol and total skin protein levels, 1 week's exposure to local air flow has been shown to have a drying effect on facial skin. 4 Quantitative measurements of air velocity, with a resolution accuracy < 0.1 m/s, and the hydration index of skin have not, however, been measured simultaneously in these previous experiments.
Conventional methods to evaluate physiological effects quantitatively include subjective evaluations based on questionnaires, or physical measurements of sympathetic nervous activity through electrocardiograph (ECG), electroencephalogram (EEG), blood pressure and heart rate measurements. 5 It might be possible to monitor the electrical activity of the cardiovascular system continuously for ≥ 24 h by using an occasional ambulatory ECG device (Holter ECG monitor). There is, however, no clear evidence associating chronic stress with continuously measured sympathetic nervous activity.
Several possible noninvasive biomarkers have been suggested for the evaluation of psychosomatic stress. Broadly, the stress response is characterized by a complex and counterbalancing set of hormonal responses in the two arms of the human neuroendocrine system: the sympathetic nervous system and the hypothalamicpituitary-adrenal (HPA) axis. The HPA axis response to the stressor is slower and marked by the release of cortisol. 6 Cortisol has an important role in shutting down sympathetic activation and suppressing the HPA axis through a negative feedback mechanism. In particular, the decrease in cortisol between morning and evening can be used to evaluate chronic stress. 7 Other biomarkers can be used to evaluate environmental stress on the skin. A natural moisturizing factor (NMF) is found within the corneocytes and makes up to 20 -30% of the dry weight of the stratum corneum.
Having an adequate NMF level in the skin can prevent or reduce skin tightness, cracking, scaling and flaking. 8 Interestingly, caspase-14 has been found to be associated with increased NMF by promoting the degradation of filaggrin. 9 Caspase-14 has been shown to protect the skin against ultraviolet B radiation and water loss involved in the processing of (pro)filaggrin. In caspase-14 deficient skin, filaggrin fragments accumulate. 10 Caspase-14 has been found to be involved in the formation of an epidermal barrier. 10 Caspase-14 activity in the stratum corneum may be used as an index of environmental stress to the skin, especially dry skin, because the processing of NMF progresses slowly.
The purpose of the present crossover study was to demonstrate the possibility of quantitatively evaluating psychosomatic and physiological stress caused by chronic exposure to local air velocity from two types of air conditioner (whole ceiling-type [low velocity] and exhaust [high velocity]) using the noninvasive biomarkers, salivary cortisol and skin caspase-14, as indicators of psychological and skin health, respectively.
Subjects and methods

STUDY POPULATION
Japanese adult males from Morioka, Japan, who were attending Iwate University for routine examination were recruited into this M Yamaguchi, H Nishimiya Effect of air velocity on salivary cortisol and skin caspase-14 crossover study, which was carried out between July and August 2010. The subjects were divided into four groups each comprising four subjects in order to prevent any feelings of discomfort in sharing a room with too many strangers. The subjects and the groups for each test were chosen randomly. There were no specific inclusion or exclusion criteria for the study.
The experimental protocol was approved by the Ethical Committee of Iwate University (Reference No. 200908). All patients received written and verbal information about the study before providing written consent.
EXPERIMENTAL PROTOCOL
This experiment took place at Iwate University, Morioka, Japan during July and August 2010.
Each of the four groups of four subjects was studied separately in the evaluation room between 10:00 h and 17:00 h over a consecutive 5-day period for each type of air conditioner.
The same experimental procedure was used for both types of air conditioner using the one evaluation room; each group of four subjects was evaluated with the different air conditioners over a separate consecutive period of 5 days. To take account of the recovery time for the skin, the experiments with the two air conditioning regimes were separated by 1 week before crossover. The subjects lived daily life during this interim period.
The subjects took up positions seated in the centre of the evaluation room and talking was not permitted during the experiment. The temperature was controlled to 24 ± 1°C using the air conditioner and humidity was controlled to 50 ± 10% using a humidifier (FE-KLD05; Panasonic, Osaka, Japan).
Saliva sampling for the analysis of salivary cortisol and stratum corneum sampling for the analysis of caspase-14 were performed every other day on two occasions (at the beginning and end of the day), for a total of six times. At the end of each day, before leaving the evaluation room, subjects completed the self-assessment questionnaire. The subjects were allowed to leave the evaluation room when they needed to use the toilet or to have lunch; there was no specific time limit, but they were requested to do so for as short a time as possible. During their time in the evaluation room, subjects were allowed to use a computer or to read a book in order to relax as much as possible.
AIR CONDITIONING UNITS AND EVALUATION ROOM
The whole ceiling-type air conditioning unit (S28FLV, 2.8 kW cooling capacity; Daikin Industries, Osaka, Japan) comprised a blower tube and a three-dimensional knit fabric (1.77 m × 0.89 m × 2 sheets; 3.2 m 2 ; Asahi Kasei Fibers Co., Tokyo, Japan) which covered the ceiling and through which air flowed. 3, 4 The unit was installed in the evaluation room for the experimental assessment and provided uniform temperature and relative humidity by generating parallel airflow (Fig. 1A) . The three-dimensional knit fabric in the unit consisted of a surface layer, a connecting fibre and a back layer (thickness 11.5 mm). When air pressure was applied to its surface, parallel airflow emerged from the back layer.
The exhaust air conditioner, which was used as a comparison air conditioner, comprised just the S28FLV air conditioning unit with 2.8 kW cooling capacity, without the three-dimensional knit fabric (Fig. 1B) .
The The mean local air velocity around the heads of the subjects was measured using a three-dimensional anemometer with a resolution accuracy of 5 mm/s (WA-590; Sonic Co., Tokyo, Japan).
EVALUATION BY THE SUBJECTS
A self-assessment questionnaire was designed to assess the subjects' reaction to the environment in the assessment room. The questions were: 'Does it feel cool around the head?' 'Does it feel cool around the feet?' 'Does it feel cool over the whole body?' 'Does it feel draughty?' 'Does it feel dry?' 'Does it feel uncomfortable?' and 'Does it make you feel sleepy?'. Subjects scored each item according to a 10-point scale (+5, agree; 0, uncertain; −5, disagree).
COLLECTION AND ANALYSIS OF SALIVARY CORTISOL
Salivary cortisol was monitored as an index of chronic stress. Participants were instructed to sit still for several minutes prior to saliva collection. Pooled saliva from the floor of the mouth was collected with a cotton roll (diameter 10 mm × length 15 mm) for 3 min without any stimulation.
The cotton rolls, placed in polypropylene tubes, were centrifuged at 140 g for 30 min and the resulting supernatant was stored at −20°C prior to analysis. Salivary cortisol levels were measured (in ng/ml) using a commercial enzyme-linked immunosorbent assay kit (Cat. No. 1-3002; Salimetrics, State College, PA, USA) and a plate reader (450 nm wavelength, ARVO mx; Perkin Elmer, Boston, MA, USA).
COLLECTION AND ANALYSIS OF SKIN CASPASE-14
The stratum corneum was collected using a D-Squame disk (D100; CuDerm, Dallas, TX, USA) with a diameter of 22 mm (tape stripping method). 11, 12 The disc was affixed to the upper cheek for 30 s then pulled off and a new disc immediately affixed in the 
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same place (Fig. 2) . Both discs were inserted into 750 µl of 4 mM acetic acid buffer solution, pH 5.0, containing 0.1% Triton X-100. The sample was sonicated for 30 min at 37°C using an ultrasonic cleaner (2210DTH; Branson Ultrasonic, Danbury, CT, USA). The sample was then centrifuged at 210 g for 4 h at 37°C using a centrifugal evaporator (CE1; Hitachi Koki Co., Tokyo, Japan) to obtain a five-fold increase in concentration of protein.
Caspase-14 levels were quantified on a plate reader by measuring optical density at 405 nm of the synthetic substrate Ac-WEHD-AFC (ALX-260-117, C 38 H 37 F 3 N 8 O 11 , 100 mM; Alexis Corp., Lausen, Switzerland). Caspase-14 activity per unit area (U/cm 2 ) was calculated based on a disk area of 3.8 cm 2 .
For comparison, the hydration index was measured using a corneometer (MPA5 probe; Courage-Khazaka Electronic, Cologne, Germany), the gold standard measure in dermatology, on the same skin area.
STATISTICAL ANALYSES
Within-group comparisons were performed using the Wilcoxon signed-rank test (StatView 5.0; SAS Institute Inc., Cary, NC, USA). The data were analysed using two-way analysis of variance (ANOVA) with repeated measurements (time [three repetitions] × air conditioners [two groups]). Unless otherwise stated, all data were expressed as mean ± SD. A P-value < 0.05 was taken to represent statistical significance.
Results
In total, 16 Japanese male subjects of mean ± SD age 22.8 ± 0.9 years (range 21 -24 years) were enrolled in the study. Their mean ± SD body mass index, weight and height were 23.9 ± 3.3 kg/m 2 , 70.4 ± 11.9 kg and 170.9 ± 0.4 cm, respectively.
The study was carried out during July and August 2010 when the outside daytime temperature ranged between 20.9°C and 35.9°C (mean 30.1°C) and the outside daytime relative humidity ranged between 30% and 99% (mean 58%). The mean temperatures in the evaluation room in which the subjects were seated were 25.1°C (γ h ), 24.6°C (γ m ) and 23.9°C (γ l ) when the whole ceiling-type air conditioner was used, and 25.9°C (γ h ), 25.0°C (γ m ) and 24.6°C (γ l ), when the exhaust air conditioner was used. Mean relative humidities were 40.2% (γ h ), 42.0% (γ m ) and 41.1% (γ l ) when the whole ceiling-type air conditioner was used, and 41.0% (γ h ), 42.6% (γ m ) and 42.6% (γ l ), when the exhaust air conditioner was used. No significant difference was observed between the whole ceiling-type and exhaust air conditioner regarding the temperature or FIGURE 2: Sample collection of stratum corneum using the D-Squame disk (tape stripping method) for analysis of skin caspase-14 protein levels in healthy young male adults exposed over a consecutive 5-day period to air flow from a normal commercial concentrated exhaust air conditioner (high local air velocity) or a whole ceiling-type air conditioner (low local air velocity)
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relative humidity of the evaluation room.
The mean air velocities at the exit of the air conditioner and at the subject's head and ankle positions were 19.8, 19.5 and 5.8 cm/s, respectively, using the whole ceiling-type air conditioner, and 217.5, 143.5 and 12.0 cm/s, respectively, for the exhaust air conditioner. The mean local air velocity where the subject's head was positioned relative to the whole ceiling-type air conditioner was approximately one-seventh that of the exhaust air conditioner.
Scores for the items 'Does it feel cool around the head?' 'Does it feel cool around the feet?' 'Does it feel cool over the whole body?' 'Does it feel draughty?', and 'Does it feel uncomfortable?' were significantly higher in subjects under the exhaust air conditioner compared with the whole ceiling-type air conditioner (P < 0.05). No statistically significant difference was observed in the scores for 'Does it feel dry?' and 'Does it make you feel sleepy?'.
Salivary cortisol ranged between 0.03 and 5.07 ng/ml for all the saliva samples, with higher levels in the morning (mean ± SD 1.55 ± 0.87 ng/ml) and lower levels in the evening (mean ± SD 1.00 ± 0.57 ng/ml). Mean ± SD morning values with the whole ceiling-type and exhaust air conditioners were 1.54 ± 0.77 and 1.57 ± 0.96 ng/ml, respectively, and mean ± SD evening values were 1.08 ± 0.5 and 0.92 ± 0.6 ng/ml, respectively; no statistically significant differences were observed between the two types of unit for either the morning or evening values.
The time-course of the differences in salivary cortisol concentration between morning and evening (∆cortisol) are shown in Fig. 3 . There was no statistically significant difference in ∆cortisol between FIGURE 3: Time course of the differences in salivary cortisol concentration between morning and evening (∆cortisol) in healthy young male adults (n = 16) over a consecutive 5-day period exposed to a whole ceiling-type air conditioner (low local air velocity) or to an exhaust air conditioner (high local air velocity) (mean ± SD; horizontal lines in the boxes represent mean values, upper and lower edges of the boxes represent maximum and minimum values, respectively, and 'error bars' represent SD; *P < 0.05, two-way analysis of variance with repeated measurements; NS, not statistically significant P ≥ 0.05) the two types of air conditioner for days 1 and 3. On day 5, however, ∆cortisol for the whole ceiling-type air conditioner (mean ± SD 0.48 ± 0.7 ng/ml) was significantly lower than for the exhaust air conditioner (mean ± SD 0.91 ± 0.5 ng/ml; P < 0.05).
The level of skin caspase-14 across all of the stratum corneum samples ranged between 1.63 and 25.73 U/cm 2 . Two-way ANOVA with repeated measurements indicated a significant effect between the two types of air conditioner (P = 0.002). No significant difference in skin caspase-14 concentration was observed on day 1 between the two different air conditioners (Fig. 4A) . On day 3, skin caspase-14 concentration increased significantly with the exhaust air conditioner (mean ± SD 10.35 ± 5.69 U/cm 2 ) compared with the whole ceiling-type air conditioner (mean ± SD 6.87 ± 2.68 U/cm 2 ; P < 0.05). Moreover, a significant difference was maintained until day 5 (P < 0.01).
No statistically significant difference in the hydration index was observed between the air conditioners in the morning, however a statistically significant increase was observed in the evening for the whole ceiling-type air conditioner (P < 0.01; Fig.  4B ). There was no change in the hydration index with the exhaust air conditioner.
Discussion
Until recently, the relationship between chronic psychosomatic stress and local air velocity had not been evaluated quantitatively. In this consecutive 5-day study of 16 healthy young male adults exposed to two different types of air conditioner in a temperature and humiditycontrolled room, air velocity where the subject's head was positioned was approximately seven times higher with the exhaust air conditioner compared with the whole ceiling-type air conditioner. The reduced air velocity in the living space exposed to the whole ceiling-type air conditioner correlated with a more positive evaluation by the subjects in terms of feeling cold, draughty and uncomfortable compared with the exhaust air conditioner.
The changes in salivary cortisol concentration with time showed high values in the morning and low values in the evening, which agree with a previous study in women with post-traumatic stress. 13 Interestingly, the profiles for ∆cortisol with time tended to differ between the two types of air conditioner. A significant difference was observed in ∆cortisol on day 5 for the two types of air conditioner, suggesting that frequent and extensive exposure to low velocity air flow was less stressful than the exhaust air conditioner. Although no significant difference was observed between the types of air conditioner regarding the hydration index in the morning, an increase in the hydration index in the evening was observed for the whole ceiling-type air conditioner. This suggests that the skin had become dry as a result of using the exhaust air-conditioner.
Time-course changes in skin caspase-14 concentration showed different profiles for the two types of air conditioner. Skin caspase-14 concentration increased daily with the exhaust air conditioner and was significantly higher compared with the whole ceiling-type air conditioner by day 3. Denecker et al. 10 reported that caspase-14deficient epidermis is characterized by reduced skin-hydration levels and increased water loss. Furthermore, it is well recognized that the turnover time of stratum corneum requires 2 weeks in order to restore normal hydration levels. 14 Extreme downregulation of caspase-14 is associated with reduced NMF levels. 15 These facts suggest that the increase in caspase-14 activity observed in this study during exposure to high local air velocity is a protective response against epidermal environmental damage. It is presumed that this mechanism is eventually overwhelmed and skin dryness begins to increase as was seen with high local air velocity in the present study.
In summary, chronic exposure to high velocity air movement resulted in a greater decrease in salivary cortisol from morning to evening and increased skin caspase-14 concentration compared with low velocity air flow, and was associated with increased facial skin dryness. These biomarkers may represent useful tools to examine the
